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Abstract. There are many examples of organic coatings used for corrosion protection. In particular, 
hydrophobic and super-hydrophobic coatings are shown to give good protection because of their 
enhanced ability to slow down transport of water and ions through the coating. The purpose of this 
research is to develop water repellent coating to avoid direct contact between metal and environment 
corrosive and mitigate corrosion attack at pipeline system. This water repellent characteristic on 
super-hydrophobic coating was coated by electrodeposition method. Wettability of carbon steel with 
super-hydrophobic coating (cerium chloride and myristic acid) and oxidized surface was investigated 
through contact angle and inhibitor performance test. The inhibitor performance was studied in 25% 
tannin acid corrosion test at 30°C and 3.5% sodium chloride (NaCl). The water contact angle test was 
determined by placing a 4-μL water droplet of distilled water. It shows that the wettability of contact 
angle super-hydrophobic with an angle of 151.60° at zero minute can be classified as super-
hydrophobic characteristic. By added tannin acid as inhibitor the corrosion protection on carbon steel 
becomes more consistent. This reveals that the ability of the coating to withstand with the corrosion 
attack in the seawater at different period of immersions. The results elucidate that the weight loss 
increased as the time of exposure increased. However, the corrosion rates for uncoated carbon steel is 
high compared to coated carbon steel. As a conclusion, from both samples it can be seen that the 
coated carbon steel has less corrosion rated compared to uncoated carbon steel and addition of 
inhibitor to the seawater provides more protection to resist corrosion attack on carbon steel. 
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1. Introduction 
Carbon steel or plain-carbon steel is the largest amount of metal alloy which is used in oil and gas 
industrial. Carbon steel piping is damaged due to corrosion mechanism. In US industries, corrosion cost 
estimated to reach 170 billion a year [1]. The deterioration of the corrosion attacks every component at 
every stage in the life of every oil and gas field [2]. In this research, the super-hydrophobic film is 
functionally as a barrier to the corrosion attack. Super-hydrophobic coating can be seen through two 
aspects which are under atmospheric environment and as a self-cleaning property. Under atmospheric 
environment, air surrounding environment of the substrate following by some water droplets contact that 
are appear on the surfaces can be prevent by super-hydrophobic film. Hence, super-hydrophobic film and 
green inhibitor acts as a barrier and prevents water droplet from contacting surface substrate [3]. 
 
2. Methodology 
In this research, the experimental material was a carbon steel which is commonly used as a construction 
material especially as a structure and pipelines. The chemicals has been used to fabricate super-
hydrophobic film are 0.1M myristic acid and 0.038M cerium chloride diluted in ethanol. Super-
hydrophobic on the surface of carbon steel was fabricated by electrodeposition method. Substrate was 
abraded by using emery paper until the surface was shining mirror. In the electrodeposition process there 
are two electrode cells which is consist of carbon steel as anode and platinum wire as a cathode. Then, 
super-hydrophobic film was fabricated by applying a cell voltage of 30V between anode and cathode for 1 
hour at room temperature. In this research, there are three experimental which are contact angle test, 
electrochemical test and immersion test. For contact angle test, the measurement on coated carbon steel that 
are modified with super-hydrophobic surfaces was determined by drop of 4-μL water droplet of distilled 
water. It can be seen the different degrees of wettability super-hydrophobic on carbon steel surface by 
distilled water droplet on surface inclined at 20°C. For electrochemical experimental, a copper wire was 
soldering into the non-working surface. Then, the sample was coated with epoxy. The artificial seawater
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was synthesized with composed of 3.5% sodium chloride (NaCl) are mixed with 25% tannin acid that react as 
a green inhibitor to reduce corrosion rate. The experimental temperature is taken about 30°C. Meanwhile for 
immersion test, a small section of the carbon steel sample that are coat with super-hydrophobic has been 
exposed to the artificial seawater solution. The samples has been immersed for duration of 10 days, 20 days 
and 30 days. There are 3 samples for each period of days. Then, the loss of weight of the material was 
measured for a period of time. 
 
3. Results and Discussion 
Contact Angle Test Measurement. The contact angle test is a test that measure the contact angle of a test 
liquid in contact with super-hydrophobic film of carbon steel substrate. Contact angle meter test was observed 
by drop of distilled water droplet on surface inclined at 20°C. Water contact angle test was measured with 3 
samples for uncoated carbon steel and 3 samples for coated carbon steel. The water contact angle test was 
determined in room temperature by placing a 4-μL water droplet of distilled water. Based on the Figure 1, it 
can be simplified that the coated carbon steel shows wettability contact angle super-hydrophobic with an angle 
of 151.60° at zero minute. 
 
    
                               (a)                                  (b)                                  (c)                                  (d) 
 
 
     
 
 
 
 
 
                               (e)                                  (f)                                  (g)                                   (h) 
 
Figure 1: Water droplet on a super-hydrophobic carbon steel samples inclined at 20°C in an room temperature after 
(a) 0 minute, (b) 2 minutes, (c) 4 minutes, (d) 8 minutes, (e) 12 minutes, (f) 16 minutes, (g) 20 minutes and (h) 40 
minutes. 
 
The surface on carbon steel sample proved that the sample is a super-hydrophobic by present super-
hydrophobic property with an evidenced that the water droplet was easily rolls off from the surface substrate. 
However, the contact angle of super-hydrophobic sample was not last long to remained as a super-
hydrophobic. It can be seen that from the first zero minute it is super-hydrophobic with angle of 151.60°. 
Unfortunately, the contact angle from 151.60° at the minute zero has turn to 126.00° in 40 minutes. It results 
that the contact angle were decreased when a time increased at per minute. Table 4.1 shows the reduction of 
the contact angle in every minute.  
 
Table 1: A reduction of contact angle at every minute.  
 
 
 
 
 
 
 
 
 
 
 
Time duration per (minute) Contact angle of the super-hydrophobic surfaces 
0 151.60° 
2 151.60° 
4 145.40° 
8 142.80° 
12 142.40° 
16 141.40° 
20 139.90° 
40 126.00° 
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Theoretically, super-hydrophobic coatings have the advantage of maintaining a contact angle of 150° even the 
duration of water droplets on the surface took a long time. Meanwhile, the contact angle of super-hydrophobic 
surface was decreased due to the surface has a cracked structure. A drop of distilled water has been absorbed 
and causes a reduction in the contact angle. It can be simplified that the attraction between a water droplet and 
a super-hydrophobic surface is affected by micro-morphology which determined the contact mode of the water 
droplet on super-hydrophobic surface. 
 
Electrochemical Corrosion Test. For this electrochemical test, Tafel extrapolation method has been used to 
obtain the data because the substrate that are used is an active material. The solution that has been used for this 
electrochemical test is artificial seawater which is synthesized 3.5% NaCl mixed with 25% tannin acid. The 
electrochemical test was done with temperature of 30°C. In this electrochemical test, the polarization graph has 
determined at a sweep rate of 1 Mv s-1. Figure 2 shows a comparison Tafel plot for uncoated carbon steel and 
coated carbon steel. 
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Figure 2: Comparison Tafel plot for uncoated and coated carbon steel. 
 
Figure 2 shows the corrosion current densities were obtained by extrapolation of the anodic and cathodic 
polarization curves to corrosion potential. From the observation, the data of the samples are consistent. There 
are no noised that can be seen from the Tafel plot. While for Table 2 below shows a data of corrosion rates for 
uncoated and coated carbon steel that has been obtained from AutoLab potentiostat/galvanostat device. 
 
Table 2: Results for open circuit potential and corrosion rates of carbon steel. 
 
Samples OCP 
(V) 
Corrosion 
rates 
(mm/year) 
Uncoated  -0.647 0.023 
Coated  -0.505 0.003 
 
It can be noted that the polarization current density of super-hydrophobic sample remains lower than uncoated 
carbon steel. Super-hydrophobic film shown that it can reduce corrosion rate from 0.023 mm/year of uncoated 
carbon steel to 0.003 mm/year of coated carbon steel. On the other hand, the lower corrosion rate of the super-
hydrophobic also is caused of the used of 25% tannin acid in an artificial seawater. It reacted as a green 
inhibitor to slow down corrosion potential. Hence, it is effective in reducing corrosion rate of carbon steel. It 
simplified that the super-hydrophobic film presents a good reaction performance against corrosion of the 
underlying carbon steel substrate. 
 
Immersion Corrosion Test. Immersion corrosion test has been conduct to determine the weight loss of the 
uncoated carbon steel and coated carbon steel. Through this test the weight of the uncoated carbon steel and 
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coated carbon steel before and after was taken to identify the weight reduction in order to calculate the 
corrosion rate of the sample for a period time. Table 3 shows a weight loss and corrosion rates data that has 
been obtained from immersion test.  
 
Table 3: Data obtained from immersion test for weight loss and corrosion rate. 
Samples Days Weight loss (g) Corrosion rates (mm/year) 
Uncoated carbon steel 
10 0.00249 0.24 
20 0.01529 0.15 
30 0.04536 0.43 
Coated carbon steel 
10 0.00303 0.02 
20 0.01340 0.13 
30 0.01508 0.14 
 
Table 3 shows that there was a reduction of samples weight caused by corrosion attack to the uncoated carbon 
steel and coated carbon steel. For the first 10 days, the weight lost was low and not obviously can be seen but 
for the next 20 days the weight lost was decreased and for the last 30 days the weight loss became more 
noticeable and became higher. The time duration of carbon steel exposed to the corrosive environment affect 
the rate of corrosion to occur. The corrosion attacked only occurred on top of the exposed surface area but it 
can be seen that the super-hydrophobic coating layer slow down the  corrosion rate of carbon steel during the 
immersion test even though the coated surface was not fully protect the top layer of the surface area. It 
simplified that, the corrosion rate of the immersion test sample was increased significantly as the period of 
immersion increased. 
 
Metallographic Observation. In this research, the metallographic observation  has been observed by using 
optical microscope (OM) and scanning electron microscope (SEM) device. Surface morphology for 
electrochemical test shows that the corrosion products occur on top of carbon steel. This corrosion occurs 
when the sample is supplied by a current and reacted with 3.5% NaCl which are mixed with 25% tannin acid 
solution. It clearly shows that the corrosion product formed on the surface of both samples during 
electrochemical test. Figure 3 shows uncoated and coated carbon steel after electrochemical test. 
 
   
(a)                                                     (b) 
Figure 3: (a) Uncoated carbon steel, (b) Coated carbon steel surface condition by using OM device after 
electrochemical test. 
 
For immersion test, Figure 4 shows a surface morphology of uncoated carbon steel after immersion test on 10 
days, 20 days and 30 days by using a SEM device. From observation on 20 days, the surface morphology 
shows that the surface start to stretching and turns to cracked on 30 days. 
       
Figure 4: Surface morphology of cracks, porous, stretching and pitting corrosion on uncoated carbon steel surface 
(a) 1200x magnification on 10 days, (b) 5000x magnification on 20 days and (d) 2000x magnification on 30 days. 
For coated carbon steel, the coating surface started to stretch and turns to propagate. The propagated factor 
caused a coating surface start to become a cracked surface and has a high tendency to corrosion attack.  Porous 
and crack of corrosion are formed on the surface of the samples. Figure 5 shows a surface morphology of 
uncoated and coated carbon steel in after immersion test on 10 days, 20 days and 30 days. 
 
 
 
MOIME 2017                                                                                                                                       IOP Publishing
IOP Conf. Series: Materials Science and Engineering 215 (2017) 012023   doi:10.1088/1757-899X/215/1/012023
4
  
 
        
 
Figure 5: Surface morphology of cracks, porous and pitting corrosion on coated carbon steel surface (a) 300x 
magnification on 10 days, (b) 1000x magnification on 20 days and (d) 2000x magnification on 30 days.   
 
4. Conclusion 
The weight of the sample was reduced when the time of immersion is increased because of the corrosion still 
occurs on top of the exposed sample surface even the surface already covered by corrosion product. The 
passive layers that occurs on the exposed surface after the corrosion product occurs slow down the corrosion 
rate but not prevent the corrosion from keep expanding to the other area at the sample surface that is why the 
weight of the sample continuously reduced for several days. The corrosion rate for uncoated carbon steel is 
0.27 mm/year and coated carbon steel is 0.09 mm/year. It simplified that super-hydrophobic coating is more 
corrosion resistance compared to uncoated carbon steel. For the electrochemical test, the data that has been 
obtained shows that the corrosion rate of super-hydrophobic can reduce corrosion rate from 0.023 mm/year of 
uncoated carbon steel to 0.0035 mm/year coated carbon steel. The corrosion rate of super-hydrophobic is lower 
that uncoated carbon steel.  The super-hydrophobic film presents a good reaction performance against 
corrosion of the underlying carbon steel substrate. Table 4 shows a comparison of corrosion rates between 
immersion and electrochemical test. The corrosion rates between both tests are different caused of the 
solutions that have been used is different. For immersion test, the solution is without tannin acid while 
electrochemical test used a solution with 25% tannin acid. It proved that tannin acid was reacted to slow down 
corrosion potential. Hence, it is effective in reducing corrosion rate of carbon steel. 
 
Table 4: Comparison of corrosion rate between immersion and electrochemical for carbon steel. 
 
Corrosion rates (mm/year) 
Uncoated  Coated  
Immersion  
Electrochemical 
0.27 
0.023 
0.09 
0.0035 
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